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tween microbiology, biochemistry, and immunology is together requires an understanding of both the molecu-
lar biology of the regulatory mechanisms and an under-very well documented. Superantigens are molecules
standing of the physiology of the cell.that efficiently stimulate T-lymphocytes by cross-linking
Consider one of the most universal of stresses, highthe MHC class II molecules expressed at the surface of
temperature. The products of the response are remark-antigen presenting cells and the T cell receptor (TCR).
ably similar in prokaryotes and eukaryotes. Highly con-The most common superantigen is the staphylococcal
served chaperones and proteases that play importantenterotoxin B. One chapter contains an interesting dis-
roles under normal growth conditions are rapidly in-cussion on the intriguing pseudosuperantigens such as
duced, becoming major components of the cells. Be-the M proteins of S. pyrogenes or the staphylococcal
cause these proteins help the cell rid itself of misfoldedepidermolytic toxins and whether they act as unconven-
or unfolded proteins, either by refolding (chaperones)tional superantigens, or are simply artifacts. More work
or degradation (proteases), it seems likely that the pri-is needed to prove that these proteins are involved in
mary or most serious damage caused by heat shock ismitogenic activity.
protein misfolding. Nonetheless, it is still not entirelyThe two books reviewed here represent pioneering
clear how temperature is sensed, and the specific regu-work in the new discipline of cellular microbiology. They
latory mechanisms differ from organism to organism. Incompile an enormous amount of information obtained
E. coli, one level of sensing is via changes in the second-from more fundamental disciplines such as cell biology,
ary structure of the messenger RNA for the heat shockimmunology, pharmacology, and microbiology, in a nice
sigma factor; the proposal is that temperature leadssynthesis of the mechanisms of interactions of patho-
directly to melting of a structure that inhibits translationgens with host cells.
(reviewed in the chapter by Yura et al.). A second level
of control, regulation of heat shock sigma factor degra-Jean-Pierre Gorvel
dation, depends on the titration of a specific chaperoneCentre d’Immunologie de Marseille-Luminy
system, the DnaK-J-GrpE (Hsp70) by misfolded protein.13288 Marseille cedex 9
Titration leads to sigma factor stabilization, and there-France
fore induction of the genes dependent on the sigma
factor for transcription, including the chaperones them-
selves. As the level of these chaperones increases, titra-
tion is overcome and sigma factor is once again rapidlySurvival Strategies
degraded, providing an efficient return to equilibrium.
This type of mechanism is attractive, since it provides
a direct link to the expected heat-induced protein dam-Bacterial Stress Responses
age. However, although much is understood about thisEdited by Gisela Storz and Regine Hengge-Aronis
response in E. coli, in vitro reconstitution of the effectsWashington, DC: American Society for Microbiology
on degradation have not yet been possible. In B. subtilis,(2000). 502 pp. $109.95
the heat shock proteins, similar to those in E. coli, are
regulated by at least three separate regulators, each
sensing temperature in different ways. Why E. coli uses
Bacteria are the ultimate survivors: rapid responses to
a single regulatory circuit for heat shock induction, while
various insults quickly induce protective and repair func- B. subtilis uses multiple ones is not fully understood.
tions, allowing adaptation to new and noxious growth Thus, even though the genetic and biochemical as-
conditions. When conditions are bad enough that pects of bacterial responses to stress have been studied
growth is not an option, they may pull up the covers extensively, this is still a very active field. There are
and hibernate until the situation improves, forming heat- relatively few instances in which we can describe, at
and insult-resistant spores or entering other quiescent the molecular level, an entire pathway—how the stress
states. To achieve all this, the cells need sensitive and is sensed, the functions of all the activities induced in
rapid sensing and response mechanisms, as well as response to stress and the hierarchy of induction, and
ways to return to equilibrium when the threat is past. how the cell reestablishes normal growth. In addition to
Not too surprisingly, then, the regulatory circuits that the sensing of cytoplasmic heat shock, discussed
have evolved in bacteria for dealing with stress reveal above, cells also contain a regulatory system for sensing
an impressive array of overlapping mechanisms for as- protein misfolding stress in the periplasm, leading to
sessing the environment and for integrating multiple sig- induction of periplasmic proteases and chaperones.
nals. This is rich hunting ground for anyone interested While many of the genetic components of the down-
in the ways signals are transduced from the environment stream parts of this pathway have been identified (re-
to modulate gene expression. The second source of viewed in the chapter by Raivio and Silhavy), how stress
treasures in the study of bacterial stress responses lies is actually sensed and how that signal is transmitted
in the functions that actually deal with the stresses— to the regulators are only beginning to be understood.
DNA and protein repair processes and systems respon- A large number of stress responses are controlled by
sible for resisting or repairing damage from oxidation the so-called “two-component regulatory systems,” in
or heavy metals or pH fluctuations. While the regulatory which a sensor histidine kinase transduces the signal to
mechanisms may vary significantly from one organism a response regulator via phosphorylation of an aspartate
to another, many of the response proteins themselves residue. The structure and biochemistry of these pro-
are well conserved, and function in similar stress path- teins is well understood (see Two-Component Signal
Transduction, ed. by J. A. Hoch and T. J. Silhavy, ASMways in eukaryotes as well as prokaryotes. Putting it all
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Press, 1995), but the nature of sensing by the sensor with a sequenced genome. How would you choose to
kinase is frequently still unclear. Possibly the clearest start this study? Presumably, information on the devel-
cases are those in which the regulatory molecule inter- opment of our understanding of some well-known stress
acts directly with the molecule causing stress. For oxida- systems would provide some possibilities. Such a sense
tive stress, the OxyR protein has been shown to be of the history is not present in as many chapters as I
directly modified by the oxidative state of the cell (re- would have found useful, but is well done in a number of
viewed here by Storz and Zheng), although the precise cases. In particular, C. Price’s chapter on the B. subtilis
mechanism for sensing and recovering from the oxida- stress response does this very well, detailing the route
tive state has only recently been clarified. MerR, the from the discovery of the stress sigma factor sB as a
most thoroughly studied of the regulators for metal transcription factor without a function to the recognition
stress responses, binds mercury atoms directly; a recent that sB activity increased under a variety of conditions
crystal structure for the related BmrR protein provides and that common signaling pathways led to this in-
the mechanistic details for how metal binding can reor- crease. An explicit and very useful discussion of the
ganize the interaction of RNA polymerase with the pro- advantages and disadvantages of the various tech-
moter, leading to induction of genes for multidrug resis- niques for determining induction of genes upon interac-
tance (Zheleznova et al., Cell 96, 353–362, 1999). The tion with a mammalian host is provided by R. Isberg. A
challenge is to bring our understanding of induction of similar general discussion for straight bacterial work
many other stresses—cold shock, pH changes, osmotic might have been useful, although the chapter by Neid-
shock, to name a few—to a similarly complete level to hardt and VanBogelen on proteomic analysis fulfills a
allow the next step—understanding how the cell inte- portion of that chore.
grates responses to different stresses. The environment The assumption that bacteria are extremely efficient
rarely provides neatly isolated changes in a single and well-evolved organisms underlies our expectation
variable. that responses to stress will make sense: changes of
This multiauthor volume on the Bacterial Stress Re- expression of a given gene in response to a stress pro-
sponses (ed., G. Storz and R. Hengge-Aronis, ASM vide evidence that the gene product helps deal with that
Press, 2000) provides an excellent survey of the variety particular stress. To what extent is the reverse true?
of regulatory mechanisms bacteria use and the nature of Does the nature of the response allow us to define the
the protective and repair products induced. The editors nature of the initial insult? A provocative chapter by
have chosen to focus on the stress responses which LaRossa and van Dyk on environmental monitoring us-
are currently under active investigation, and avoided ing an array of bacterial reporters indicates how a simple
some of the long-studied nutrient limitation systems, bacterial genetics approach can extend well outside the
probably a wise choice. In addition, chapters on behav- laboratory in usefulness. The initial tests of mutagens
ior of bacteria under extreme environments and during developed by Ames and the subsequent recognition
interaction with mammalian hosts are included. Even that many of these molecules induced the SOS DNA
those who regularly follow the literature on global regula- damage response implicated many carcinogens, posi-
tion are likely to find some useful new insights here. tive in these tests, as DNA damaging agents. Ethanol
Each chapter provides at least some explanation of treatment induces the heat shock response quite specif-
the general nature of the stress to be analyzed and the ically, implying that protein misfolding is the major result
physical and chemical basis for potential damage to the of this treatment. An array of reporter fusions, each one
cell. The chapter by Bremer and Kra¨mer on the conse- specific for a given regulatory cascade, allow one to
quences of high osmolarity does this especially well, dissect out what sort of stress the cell perceives in novel
spelling out definitions of osmolarity and osmolality and situations.
turgor pressure, but in the end noting that exactly what This book should certainly form part of the library of
the cell senses is poorly understood. Some of the au-
anyone interested in bacterial physiology under chang-
thors have chosen to spend most of their time talking
ing environmental conditions or anyone interested in
about the regulatory mechanisms, while others focus
bacterial regulatory mechanisms. Those undertakingon the products of regulation; both are useful.
study of eukaryotic stress responses may be less likelyAn effort has also been made to extend the discussion
to pick up this book, but might be even more likely toto organisms beyond the usual popular models, E. coli
profit from a study of it.and B. subtilis. This works extremely well when the com-
mon principles are emphasized, or general strategies
Susan Gottesmanare compared. The chapters which are the least suc-
Laboratory of Molecular Biologycessful or at least seem out of place here are those
Building 37, Room 2E18which carry this to an extreme, degenerating into laundry
National Cancer Institutelists of genes or mechanisms in various organisms. Alek-
Bethesda, Maryland 20892shun and Levy provide an admirably complete compila-
tion of mechanisms of antibiotic resistance, but a much
shorter summary of the types of resistance with refer-
ences elsewhere for the details would have been more
effective. The chapters on acid stress (Foster) and oxy-
gen deprivation (Patschkowski et al.) suffer to lesser
degrees from this same problem.
Imagine yourself about to embark on the study of yet
a new stress response in a genetically tractable bacteria
